Objective: To compare the effectiveness of statins of different treatment intensity used to treat elderly patients with acute coronary syndrome (ACS) in typical care settings. Design: Retrospective cohort study using linked hospital and pharmacy claims data. Setting: Statewide pharmacy benefits programmes in Pennsylvania and New Jersey. Participants: 18 311 Medicare patients discharged alive after ACS who received a prescription for a statin within 90 days of hospital discharge. Main outcome measures: Using multivariable and propensity-matched Cox proportional hazards regression models, patients who were prescribed high-intensity and moderate-intensity statins were compared based on the drug-dose combination that they initially received. Individual drug-dose combinations were also compared. Our primary outcome was the composite of all-cause death or recurrent ACS. Results: Patients who received moderate-intensity statins were as likely to experience a primary outcome as patients treated with high-intensity statins (adjusted HR 1.02, 95% CI 0.96 to 1.08). Propensity matching did not change the results. Individually, all moderate-intensity statins were as effective as high-intensity atorvastatin with the exception of lovastatin (adjusted HR 1.22, 95% CI 1.09 to 1.36). Similarly, all high-intensity statins seem as effective as high-intensity atorvastatin but the CIs surrounding these estimates were wide. Conclusions: This analysis of elderly patients with ACS treated in typical care settings does not demonstrate the superiority of high-intensity over moderate-intensity statin treatment or significant differences among individual statins.
T he use of statins for the prevention of ischaemic events in patients with coronary artery disease has been extensively evaluated. For patients with stable coronary artery disease, placebo-controlled trials have demonstrated the benefit of moderate-intensity statins (ie, statins at doses that would be expected to lower low-density lipoprotein (LDL)-cholesterol (LDL-C) levels by 30-40%) 1 2 and comparative trials have shown that high-intensity statins (ie, statins at doses that would be expected to lower LDL-C levels by .40%) provide even more benefit. 3 4 In patients with acute coronary syndromes (ACSs), early treatment with moderate-intensity statins offers no short-term benefit compared with placebo, 5 6 but highintensity atorvastatin is superior to moderate-intensity pravastatin 7 and placebo. 8 Another trial comparing early intensive simvastatin (40 mg daily for 1 month followed by 80 mg daily) with delayed conservative simvastatin (placebo for 4 months followed by 20 mg daily) found less clear but generally supportive results. 9 A ''lower is better'' cholesterol-lowering strategy has been widely advocated and incorporated into treatment guidelines for patients with ACS from the National Cholesterol Education Program 10 and other professional organisations. 11 Although these guidelines recommend target LDL-C levels rather than specific drugs or doses, others suggest that the use of highintensity statins, regardless of cholesterol level, would be a more evidence-based approach. 12 In keeping with this, atorvastatin has become the dominant statin used to treat patients with ACS in actual practice. 13 We sought to address two unresolved issues regarding the appropriate use of statins. First, frail elderly patients with ACS, who face the largest burden of cardiovascular disease, are typically under-represented in clinical trials. Thus, although older patients clearly benefit from achieving optimal LDL-C levels, 14 it is unclear whether they derive the same benefit from high-intensity (vs moderate-intensity) statin treatment as their younger counterparts. In fact, high-intensity atorvastatin was not superior to moderate-intensity pravastatin among patients aged >65 years enrolled in the Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction 22 (PROVE IT-TIMI 22) Trial. 7 Second, although statins are considered to be members of one therapeutic class and largely interchangeable, 15 they do differ with respect to metabolism, excretion, half-life and cholesterol-lowering effects. 16 Therefore, statins of equivalent cholesterol-lowering intensity may have different clinical effects. This may be particularly relevant for high-intensity statins, given the differences in cost.
METHODS

Setting and design
We assembled a retrospective cohort of Medicare patients who were prescribed statins after being discharged from hospital after an ACS between 1 January 1997 and 30 September 2004 by linking Medicare files to data from the Pennsylvania Pharmaceutical Assistance Contract for the Elderly (PACE) 17 and the New Jersey Pharmaceutical Assistance to the Aged and Disabled (PAAD) 18 programmes. Both PACE and PAAD provide prescription drug benefits to lower middle-income individuals aged >65 years, whose yearly earnings are above the threshold to qualify them for Medicaid. Participants pay co-payments between US$5 (£2.53, J3.74) and US$10 (£5.06, J7.483) per prescription without any deductibles. The programmes cover all medications that require a prescription and do not restrict which medications can be prescribed (ie, the programmes do not use formularies, preferred drug lists or prior authorisation).
We incorporated data from PACE and PAAD into a relational database consisting of data for all filled prescriptions, procedures, physician encounters, hospitalisations, long-term care admissions and deaths for the patients in our cohort. These data sources have been used extensively to study populationbased health outcomes. [19] [20] [21] All traceable person-specific identifying factors were transformed into anonymous, coded study numbers to protect subjects' privacy.
Cohort
We included all patients discharged alive from hospital after an ACS (International classification of diseases-ninth revision 410.x or 411.x) during the study period, who filled a prescription for a statin within 90 days of hospital discharge. This time window was chosen to permit sufficient time for patients to fill prescribed prescriptions after hospital discharge and, therefore, to minimise statin misclassification. We excluded patients who were not active users of Medicare and either drug benefit programme during the 1-year period before their ACS hospitalisation. In specific, patients were excluded if they did not fill >1 prescription and have >1 healthcare encounter in each of the two 6-month periods before their ACS hospitalisation. We also excluded patients who received prescriptions for cerevastatin, as this drug was withdrawn from the market. The date of the first statin prescribed after discharge was considered as the index date for our analysis.
Statin classification
Patients were classified into drug and dose categories based on the first statin prescription that they filled after hospital discharge. ''High-intensity'' doses were those that would be expected to lower LDL-C levels by .40% (table 1). 10 22 Subsequent to this first prescription, we assessed whether patients changed medication doses, switched statins or discontinued treatment. We classified patients as having discontinued treatment if they did not fill another prescription for the same medication within 150% of the days of medication supplied from their previous prescription. For example, if a patient was prescribed 30 days of medication, they were assumed to have discontinued this drug if they did not re-fill their prescription within 45 days from the date of their initial prescription. If a patient filled a new prescription before the number of days of medication prescribed from their last prescription had elapsed, then we carried forward the extra days supplied to the patient's next prescription.
Covariates
We determined patient comorbidities by searching physician service claims and hospitalisation records for relevant diagnostic codes in the 1 year before the index date. In this manner, we identified the following characteristics: age at index date, gender, prior ACS, hypertension, diabetes, congestive heart failure, cerebrovascular disease, peripheral vascular disease, chronic kidney disease, chronic obstructive pulmonary disease, malignancy, arthritis and dementia. Similarly, we assessed concurrent use of the following medications, including those prescribed after being discharged from the index admission: ACE inhibitors or angiotensin II receptor blockers, b-blockers, calcium-channel blockers, diuretics, nitrates, digoxin, warfarin and clopidogrel. We also determined whether patients had been prescribed a statin before the index hospitalisation. Finally, we evaluated whether patients underwent angiography, angioplasty, coronary stent insertion or bypass surgery when they were hospitalised for their index event.
Statistical analysis
We compared the baseline characteristics of patients in each drug-dose category using Student's t tests and x 2 tests. Our primary outcome was the composite of death (as recoded in the patient eligibility files) or hospitalisation for recurrent ACS (determined in the same manner as our index admissions were identified). We examined the univariate relationship between the time to the occurrence of this outcome among highintensity and moderate-intensity statin users, regardless of which specific statin they received, using Kaplan-Meier plots and the log rank test. We then compared the relative risk of death or re-infarction in high-intensity and moderate-intensity statin users using Cox proportional hazards regression. Our estimates were adjusted for differences in patient comorbidity and demographics, and their use of cardiovascular procedures and medications. We performed our analysis on intention-totreat principles, assuming that patients continued to take their index statin throughout follow-up, and only censored patients at the time of an outcome or administratively on 31 December 2004.
To assess the robustness of our results, we repeated our analyses but additionally censored patients if they switched medications, changed doses or discontinued treatment. We also performed a propensity-matched analysis to adjust for patients with certain observable characteristics preferentially receiving one treatment or another. 23 We first fit a non-parsimonious multivariable logistic regression model with demographic and clinical predictors to estimate each patient's probability of receiving high-intensity as opposed to moderate-intensity treatment. This probability represents their five-digit ''propensity score'' (ie, with five decimal points). We matched each patient who was prescribed a high-intensity statin with a patient who received a moderate-intensity using a ''greedy 5-to-1 digit algorithm''. By this method, we first searched for patients who matched on all five digits of their propensity scores. If no such match was found, we moved to those who matched on the first four and fewer digits in an iterative process. This technique minimised the bias introduced by incomplete or inexact matching. 24 After matching, we reevaluated our Cox proportional hazards models.
We performed two secondary analyses. First, to assess the equivalence of statins with similar potencies, we repeated our Cox models stratifying patients on the basis of the specific drug-dose combination that they were prescribed. Highintensity atorvastatin was used as the reference statin (referent) for this analysis. Second, in an attempt to replicate the results of the PROVE IT-TIMI 22 Trial, we directly compared patients who received atorvastatin 80 mg daily with those who received pravastatin 40 mg daily.
All analyses were performed using SAS V.8.2. ÀNo doses achieve LDL-C reductions of .40%.
RESULTS
Our cohort consisted of 18 311 patients with ACS, of whom 3066 were prescribed a high-intensity statin and 15 245 were prescribed a moderate-intensity statin within 90 days of hospital discharge. A total of 8906 patients were rehospitalised for ACS or died during follow-up. Table 2 shows the median follow-up times.
High-intensity vs moderate-intensity statin treatment At baseline, patients who received high-intensity statins appeared sicker than moderate-intensity users (table 2) . They were more likely to have peripheral vascular disease, chronic kidney disease, diabetes and hypertension, to have received a statin before their index admission and to be receiving concurrent treatment with an ACE inhibitor/angiotensin II receptor blocker, clopidogrel and a b-blocker. They were also more likely to have undergone stent insertion during their index hospitalisation. Propensity matching eliminated any meaningful differences. In our unadjusted analysis, moderate-and high-intensity statin users were equally likely to die or be re-admitted for ACS during follow-up (log rank, p = 0.66; fig 1) . Table 3 shows the results of our multivariable analyses. Patients treated with moderate-and high-intensity statins had equivalent risks of death or readmission for ACS, even after adjusting for other prognostic variables (adjusted hazard ratio (HR) 1.02, 95% CI 0.96 to 1.08, p = 0.62). Similar results were obtained in our sensitivity analyses, including when propensity matching was used.
Individual drug-dose comparisons Table 4 shows the baseline characteristics of our cohort stratified by the index drug-dose combinations. Moderate-intensity simvastatin and atorvastatin were the dominant statins prescribed. Few patients received high-intensity regimens with medications other than atorvastatin. Patient characteristics differed slightly by statin received. Rosuvastatin users were most likely to have undergone angiography and stent insertion on their index hospitalisation and were also most likely to be concurrent users of clopidogrel and b-blockers. Lovastatin users were most likely to have received a statin before their index admission. Treatment groups were otherwise comparable.
Patients treated with moderate-intensity atorvastatin, fluvastatin, pravastatin and simvastatin had equivalent rates of death or recurrent ACS as patients treated with high-intensity atorvastatin; the 95% confidence limits accompanying these estimates were very narrow for most comparisons (fig 2) . By contrast, patients treated with moderate-intensity lovastatin were at a greater risk of death or recurrent ACS than highintensity atorvastatin users (adjusted HR 1.22, 95% CI 1.09 to 1.36). Users of all high-intensity statins had adjusted HRs that did not significantly differ from those of the users of highintensity atorvastatin but the CIs surrounding these estimates were relatively wide.
Comparison of atorvastatin 80 mg daily and pravastatin 40 mg daily Patients who received pravastatin at a dose of 40 mg had the same rate of death or re-admission for ACS as patients who 
DISCUSSION
High-and moderate-intensity statins seem to be equally effective in preventing major cardiovascular events in elderly patients with ACS. Although these results are at odds with the overall results of the PROVE-IT TIMI 22 Trial, 7 our cohort consisted of patients who were an average of 20 years older than the PROVE IT subjects. Epidemiological studies show that the association between cholesterol levels and coronary risk diminishes with age. 25 26 In addition, elderly patients have a greater risk of reinfarction and death after an ACS than younger patients with equivalent cholesterol levels and risk factor profiles.
14 Accordingly, a pre-specified subgroup analysis of the 1230 PROVE IT trial participants aged >65 years demonstrated equivalent outcomes in patients randomised to intensive and moderate lipid-lowering strategies. 7 Our findings are in keeping with this.
Our results do not imply a lack of benefit of cholesterol lowering in elderly patients; in PROVE IT, elderly patients with ACS who reached the National Cholesterol Education Program optional LDL-C goal of ,70 mg/dl (1.8 mmol/l) derived as much benefit as younger patients who also achieve this goal. 14 Rather, because older patients with ACS tend to have lower cholesterol levels than younger patients, 14 it may be that less intensive cholesterol lowering is required to achieve a target LDL-C level. In the A to Z trial, patients treated with simvastatin 40 mg daily reached an LDL of 68 mg/dl with 1 month of post-ACS treatment. 9 Interestingly, patients in PROVE IT treated with moderate-intensity lipid lowering only had a 10% LDL reduction. If these patients achieved the 29% LDL reduction seen in other trials using pravastatin 40 mg daily, 22 they would have reached an average LDL of 75 mg/dl; this may have had a substantial impact on the trial results. It remains to be demonstrated whether any incremental benefit of intensive statin exists among patients who achieve their LDL goals.
Results from our secondary analyses are also notable. Patients treated with moderate-intensity atorvastatin, fluvastatin, pravastatin and simvastatin had equivalent outcomes to patients treated with high-intensity atorvastatin. Similar results were observed in Zhou et al's 27 analysis of statins in a cohort of Canadian patients who had had myocardial infarction and in a recent meta-analysis of randomised trials. 28 By contrast, patients treated with moderate-intensity lovastatin were more likely to die or have a reinfarction than users of high-intensity atovastatin. A slight trend favouring atorvastatin over lovastatin was observed by Zhou et al, 27 but the difference between treatment groups was not statistically significant. Because lovastatin shares many lipid and non-lipid properties with other statins, particularly with simvastatin, 16 29 and would be expected to have similar clinical effects at comparable dose intensities, it is possible that this specific finding is spurious.
Our comparison of high-intensity statins also suggests a class effect for statins. Unfortunately, because relatively few patients were treated with statins at this dose intensity, we cannot exclude the possibility of small but clinically meaningful differences between these medications.
There are several limitations to our analyses. First, ''confounding by indication'', which is a common concern in nonrandomised observations, 30 31 may have biased our results. Patients who received high-intensity statins, especially before the widespread dissemination of recently published trial data, may have been at a higher risk of post-ACS events than patients who received moderate-intensity statins. For example, highintensity statins may have preferentially been prescribed to patients with higher baseline cholesterol levels. The greater use of other treatments primarily used in patients at a higher risk of ACS (eg, coronary stents and clopidogrel) among the high-intensity statin users in our study may be in keeping with this concern. As such, standard comparisons of patients who received statins of different intensity would bias the potential protective effect of high-intensity statins towards the null. To minimise this effect, we performed a propensity-score analysis that balanced all measured prognostic variables and found results that were practically identical to those of our primary analyses. Nevertheless, because administrative data do not contain detailed clinical information as cholesterol levels or the reasons for doctors' prescription choices, confounding by indication remains a potential concern. Second, patients in our high-intensity cohort may not have received sufficiently intensive treatment to enable us to observe the incremental benefit of aggressive statin treatment found in clinical trials. Subjects randomised to intensive lipid-lowering in PROVE-IT 7 received 80 mg of atorvastatin daily; highintensity atorvastatin users in our analysis received a mean daily dose of 29.5 mg. By contrast, the incremental gain in lipid-lowering effect between 30 and 80 mg daily is relatively modest, 32 and older patients achieve higher plasma concentrations of atorvastatin than younger patients. 33 Thus, patients treated with high-intensity treatment in our analysis should still have derived the incremental benefit of aggressive treatment, should such a benefit truly exist. The results of our sensitivity analysis in which we compared patients who www.heartjnl.com on 23 July 2007 heart.bmj.com Downloaded from specifically received atorvastatin 80 mg daily and pravastatin 40 mg daily also argues against the bias of inadequate treatment intensity.
Third, consistent with other studies, 27 we assessed the use of statin based on prescriptions filled within the first 90 days of hospital discharge. By contrast, patients in PROVE IT started receiving treatment within 10 days of ACS. If the incremental benefit of intensive statin treatment begins early in the post-ACS course 34 and if starting high-intensity treatment later reduces its incremental benefit, then the ascertainment strategy we used would bias our results towards the null. A delay in initiation of high-intensity treatment may explain why the A to Z trial failed to achieve its pre-specified end point. 9 The median time to statin initiation after hospital discharge was 16 days in our study and should have minimised the effect of this potential bias.
Fourth, we conducted our analysis using data from two statewide pharmacy assistance programmes that provide prescription drug benefits to lower middle-income individuals aged >65 years. As a result, our cohort consisted of predominantly female patients with a high prevalence of comorbid medical conditions, such as congestive heart failure and cerebrovascular disease. Therefore, the results of our analysis may not be generalisable to other populations with different demographic and clinical characteristics.
Finally, we categorised patients into drug-intensity categories based on the initial statin that they were prescribed and assumed that patients continued this treatment until they had an outcome or were administratively censored. Although this should produce conservative results, our intention-to-treat assumption may not have been valid. In actual practice, patients often discontinue treatment or change drugs and doses; such patients probably differ in important ways from patients who continue their initially prescribed treatment. To account for this, we repeated our analysis and censored patients who changed medications, changed doses and discontinued treatment, in addition to those who experienced an outcome, and found identical results to our main analysis.
In summary, elderly patients who had had ACS treated with high-intensity and moderate-intensity statins in typical care settings seem to have similar rates of death and recurrent ACS. Our findings are in keeping with subgroup analyses from PROVE IT, and suggest that lower-intensity treatment may be needed to achieve optimal LDL levels in elderly patients. Our results also demonstrate a class-effect of moderate-intensity statins, with the exception of lovastatin. Our analysis of highintensity statins is suggestive of a class effect for these drugs as well, but thus far too few patients in routine practice have been treated with these medications to make robust conclusions.
